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The present invention relates to novel ther- 
mosetting resins and to processes for preparing 
such resins. This invention more particularly 
relates to novel thermosetting resins w.hich are 
suitable for addition fo paper pulp in the beater 5 
1or the production of paper sheeting having a 
high wet strength. This invention also relates 
more particular!y fo processes for the production 
of improved thermosetting reslns which are suit- 
able îor imparting wet strengh characteristics I0 
fo paper products. 
If Is one object of the present invention fo pro- 
vide novel nitrogen-containing thermosetting 
resins. 
A ïurther object of this invention is to provide 15 
water-soluble and highly condensed thermoset- 
ring reslns which are characterized by good 
stabiIity in aqueous solutions, and which are 
capable oî imparting improved wet strength to 
papeï products in which they are incorporated. «0 
A further object of this invention is to provide 
simple and efficient processes for the preparation 
oï improved, water-solubIe and highly condensed 
thermosetting resins. 
StiI1 further objects and advantages of this 5 
invention wfll be apparent from the following 
description and the appended claires. 
The objects of this invention are attained, in 
general, by reacting, in water, an amino com- 
pound containing from 1 to 6 carbon atoms and 30 
the grouping 
Z 
NII--C--N< 
in which Z is selected from the group consisting 35 
of O, S and N--, and N< represents a nitrogen 
atom having 2 single valences attached fo sep- 
arate atoms or where the two valences represent 
a double bond attached fo the saine atom, for 
example, urea or melamine, an aldehyde such as 40 
formaldehyde and  water-soluble sali of a nu- 
clear substituted hydroxy aromatic sulfonic acid 
containing from 6 fo i0 carbon atoms, in which 
acid the hydroxy and sulfonic acid groups are 
the soe substituents other than carbon and hy- 4 
drogen, for example, a sali such as sodium phenol 
sulfonate. The reaction is allowed fo proceed 
until the resulting resin contains aromatic sul- 
fonate residues as part of the resin molecule. 
The proportions of the amino compound, the 50 
aldehyde and the water-soluble sali of the hy- 
droxy aromatic sulfonic acid used may be varied 
widely depending upon the end use of the resin- 
ous products.. Thus, if is possible, for example, 
fo employ from 0.5 fo 2molecular proportions of  
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the aldehyde for each amino group in the amino 
compound and from 0.03 to 1 molecular propor- 
tion of the salt of the hydroxy aromatic .sulfonic 
acid for each molecular proportion of the amino 
compound. Smaller and larger amounts of the 
aldehyde and such salt may also be used in some 
instances. In those instances where it is desired 
to prepare water-soluble resins it is generally de- 
sirable to use from 2 to 6 molecular proportï0ns 
of formaldehyde and from 0.05 to 1 molecular 
proportion of the salt of the hydroxy aromatic 
sulfonic acid for each molecular proportion oï 
the amino compound. 
As examples of suitable water-soluble salts of 
the hydroxy aromatic sulfonic acids which corne 
within the scope of the compounds hereinbefore 
defimed may be mentioned the sodium salts of 
the phenol sulfonic acids such as para phenol 
sulfonic acid and/or ortho phenol sulfonïc acid; 
sodium salts of mixtures of ortho, meta and para 
(o, m and p) phenol sulfonic acids and mixtures 
of ortho and para phenol sulfonic acids prefer- 
mbly those mixtures in which the para isomer is 
the predominant compound; sodium saits of 
2 naphthol-3,6 disulfonic acid; sodium salts of 
1 naphthol-3,6 disulfonic acid and the like. In- 
stead of the sodium salts other water-soluble 
salts are also used such as the other alkali netal 
salts, for example, the potassium, lithiu]n and 
like salts. The preferred compounds for use in 
preparing the resinous products of this invention 
are the water-soluble saIts of those hydroxy 
aromatic sulfonic acids, as hereinbefore defined, 
which are selected from the group consisting of 
monohydroxy benzene monosulfonic acids, for 
example, sodium ortho phenol sulfonate and so- 
dium para phenol sulfonate, and the water salts 
of hydroxy naphthalene disulfonic acids, for ex- 
ample, a sodium salt of 2 naphthol-3,6 disul- 
fonic acid. Of these compounds the sodium salt 
of ortho phenol sulfonic acid or para phenol suI- 
fonic acid or the sodium salts of a mixture of 
o and p phenol sulfonic acids are preferred be- 
cause of their low cost and commercial availabil- 
ity. They are also preferred in those nstance 
where it is desired to prepare wet strëngh resins 
for use with paper because they enable the prep- 
aration of superior resins' for this purpose. 
The water-soluble salts of the hydroxy aro- 
matic sulfonic acid may be added as such to he 
solution containing the amino compound and 
the aldehyde or the reaction product thereof, or 
the acid per se may be added to such solution to- 
gether with a water-soluble base such as an 
alkali metal base, for example, alkali metal hy- 
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droxides or carbonates in an amount sufficient fo 
neutralize such acid. Thus, the sali is formed 
in the solution in situ. 
As examples of suitable amino compounds 
which corne within the class of compounds here- 
inbefore defined may be mentioned, in addition 
te urea, such compounds as thiourea, cyanamide, 
dicyandiamide, guanidine and the like and, in 
addition fo melamine, such generic compounds 
as the amino-triazines of which 2 chloro-4,6 di- 
amino-l,3,5 triazine and 2 hydroxy-4,6 diamino- 
1,3,5 triazine are specific examples. Mixtures of 
such amino compounds may also be used. 
As examples of aldehydes which may be used 
may be mentioned, in addition fo formaldehyde, 
benzaldehyde, furfural and such aliphatic alde- 
hydes as acetaldehyde, propionaldehyde and. the 
like and polymers of formaldehyde such as para 
formaldehyde. Formaldehyde or para formalde- 
hyde are preferred, however, since they react 
more rapidly with the amino compounds and 
also. yield reaction products therewith which 
have greater water-solubility than those pre- 
pared from other aldehydes. 
The resinous products of this invention are 
suitably prepared by first reacting the amino 
compound and the aldehyde in an alkaline 
aclueous solution fo. form an aldehyde-amino 
compound condensation product having ai least 
one 
--C--OH 
terminal grouping. In the case oï ïormaldehyde 
a methylol group --CPh--OPI is formed in place 
oï one oï the hyclrogens on the amino group oÏ 
the amino compound. In the case oï urea and 
urea type compounds, the pE 
generally between about 7.0 and 
amino=triazines such as melamine the pPI oï the 
solution is generally between 7.0 and I0.0. The 
reaction between the aldehyde-urea condensa- 
tion products and the salt oï the hydroxy aro- 
matic sulïonic acid and the further condensation 
oï the resulting product is carried out in an acid 
aclueous solution which, in general, has a pli 
between about 4.0 and 6.0. The aldehyde- 
melamine condensation products, on the other 
hand, are reacted with the sali oï the hydroxy 
aromatic sulïonic acid and are ïurther con- 
densed, in an alkaline aclueous solution which, 
in general, bas a pli between about 7.0 and I0.0. 
The pPI range for preparing the resinous prod- 
ucts oï this invention is thus within the range 
oï 4.0 te I0 depending on whether urea or 
melamine type resins are prepared. 
PIeating the solution or the reaction mLxture 
above room temperature during the reaction 
tween the aldehyde and the amino compound 
and during the reaction between the aldehyde- 
amino compound condensation product and the 
sali oï the hydroxy aromatic sulïonic acid in= 
creases the rate oï reaction and is preïerred. 
However, both oï these reactions should be car= 
ried out below the boiling point oï the solution 
or mixture ïor best results. 
The resinous products of this invention con- 
tain aromatic sulïonate residues or groups at- 
tached fo the resin molecule. Illustrative oï such 
residues are the ïollowing: 
So3Na or (so3Na)2 
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The aromatic ring of such residue is believed 
to be connected with the amino compound-alde- 
hyde reaction product through an oxygen ether 
linkage in which the oxygen is attached directly 
5 to the aromatic ring at the position formerly oc- 
cupied by the hydroxy group, or the-oxygen is 
attached to a methylene group on the aromatic 
ring. The exact mechanism of the reaction 
tween the amino compound-aldehyde condensa« 
I0 tion product and the salt of the hydroxy aro- 
matic-sulfonic acid is not understeod but it is 
believed that the hyclroxy group on the aromatic 
sulfonic acid reacts with one of the terminal 
15 -a-oH 
I 
groups oï the amino compound-aldehyde con- 
densation product with the splitting off oï water, 
or that the excess aldehyde in the solution 
20 acts with the hydroxy aromatic sulïonic acid fo 
ïorm a side chain on the aromatic ring which 
terminates in a 
I 
--C--OH 
I 
25 
group which in turn reacts with one terminal 
I 
30 group oÏ the amino compound-aldehyde conden- 
sation product by splitting off water. In any 
event the final product contains aromatic sul- 
ïonate groupings or residues which materially 
alter the properties oï the original amino com- 
35 pound-aldehyde condensation product. 
Depending upon the conditions oï the reac- 
tion, the aldehyde employed and the proportions 
oï the reactants used, if is possible to produce 
resinous products which are water-soluble or 
,i0 water-insoluble, or which are solid and fusible 
or gel-like and ïusible. It is also possible te pro- 
duce resinous products which are water-soluble, 
but which have little or no wet strength 
parting properties, and if is also possible to. pro- 
45 duce resinous products which are water-soluble 
and highly condensed and which impart a high 
degree oï wet strength te paper products when 
incorporated therein. The water-soluble resin- 
ous products, in general, are suitable for the 
50 treatment oï textile materials such as cotton or 
wool yarns and fabrics. The water-soluble or 
water-insoluble resinous products can be made 
inïusible and insoluble-by heating and are use- 
ïul in such ïorm as cation-exchange materials. 
55 The water-soluble and highly condensed products 
which have 'been prepared in accordance with 
the preïerred process described .below are espe- 
cially suitable for the treatment oï paper pulp 
in the beater for imparting increased wet 
60 strength fo paper products prepared thereïr0m. 
A preïerred process for preparing water-solu- 
ble and highly condensed resins which are suit- 
able ïor imparting wet strength fo. paper prod- 
ucts is described below. Such resins are pre- 
65 pared by first reacting 1 molecular proportion of 
urea with from 2 fo 3 molecular proportions 
oï ïormaldehyde, as formalin, in Water until a 
methylolated urea is obtained. Best resuits are 
obtained by using 2.2 fo 2.5 molecuiar propor- 
70 tions of ïormaldehyde. In most instances sat- 
isïactery results are obtained in subsequent re- 
actions when the methylolated urea contains 
ïrom 1.2 te 2 mols of combined formaldehYde. 
This reaction is carried out ai slightly elevated 
75 temperatures, for example, ai temperatures be- 



2,601,665 

tween about 50 ° and 70 ° C.- Moreover, the solu- 
tion should be alkaline during the reaction,  Sat- 
isfactory results are obtained af a pli between 
7.2 and 8.5. For best results it is preferred to 
maintain the solution at a pli between 7.5 and 
8.0. Normally the pli is adjusted at the begin- 
ning of the reaction by the addition of a base 
such as an alkali metal hydroxide or carbonate, 
for example, sodittm hydroxide or carbonate. In 
some instances the pli may drop as the reac- 
tion proceeds and further base isadded fo main- 
tain the alkalinity oï the mixture. The dura- 
tion of the reaction is primarfly dependent upon 
the pli and temperature of the mixture. In gen- 
eral, the desired degree of methylolation oï the 
urea is obtained within a period of 15 to 120 min- 
utes. 
It is necessary to correlate the pli and tem- 
perature of the mixture and the duration of 
the reaction fo secure the best results. By in- 
creasing thé temperature up fo 70 ° C. and by 
lowering the pli toward 7.2, the reaction rate 
is increased. A reaction period of 15 minutes 
is usually satisfactory under such conditions. Af 
lower temperatures and higher pli values a re- 
action period of 120 minutes may be required. 
The solution of methylolated urea which is 
obtained in accordance with the foregoing pro- 
cedure is next treated with the water-soluble 
salt of the hydroxy aromatic sulfonic acid. From 
0.05 to 0.5 molecular proportion of the sodium 
salt or para phenol sulfonic acid, for example, 
is added to the solution of the methylolated 
urea for each molecular proportion of urea con- 
tained therein. In most instances if is preferred 
to employ from 0.0.5 fo 0.3 molecular proportion 
oï such salt for each molecular proportion of 
urea since itis thus possible to obtain superior 
wet strength resins. 
Aïter the addition of the sodium salt of para 
phenol sulfonic acid or the other hydroxy aro- 
matic sulfonic acids, and while the solution of 
methylolated urea is still alkaline, the solution 
is concent.rated without appreciably changing 
the degree of polymerization of the methylolated 
urea until the solution contains from about 55 
to 65% by weight of resin solids. Best results 
are obtained by concentrating to ïrom 58 to 62 % 
solids content. The solution is generally con- 
centrated fo the requisite solids content, with- 
out appreciably changing the degree of po]y- 
merization of the methylolated urea, by vacuttm 
concentration, or by "flash" concentration either 
with or without the use of vacuum. The solu-. 
tion is vacuum concentrated by subjecting if 
to a vacuum of at least 40 millimeters of mercury 
(absolute) and af a temperature hot in excess 
of 65 ° C. By using a higher vacuum, that is, 
less than 15 millimeters of mercury and tem- 
peratures close fo 65 ° C. the rate of concentration 
is increased. Best results bave been obtained 
by subjecting the solution to a vacuum oï 5 fo 15 
millhneters of mercury af a temperature of 55 
fo 60 ° C. 
The solution is "fiash" concentrated by pump- 
ing i through a heated pipe, ïor example a 
jacketed pipe which is heated by steam, so that 
a small portion of the solution passing through 
the pipe from the pump to the ourlet end of the 
pipe is concentrated fo the desired solids con- 
tent in a very short interval of rime, for example, 
from 0.01 to 0.3 second and the solution is then 
cooled. V¢hen using the "flash" concentration 
procedure for concentrating the solution i is 
necessary to correlate the temperature to which 
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the solution is heated, the rat e of flow and the 
diameter oï the pipe so that the solution will be 
concentrated within  very short period oï rime 
as defined above. Best results have been ob- 
5 tainçd, from the standpoint oï stability of the 
final product, by employing a vacuum during 
."flash" concentration, that is, by pumping the 
solution through a heated pipe which is at least 
partially evacuated. 
10 By employing the vacuum concentrating or 
"flash" concentrating procedures as described 
above, it is possible to concentrate the resin 
solution to the desired solids content without 
materially altering or changing the degree 
15 polymerization of the methylolated urea. This 
is particularly important in the preparation of 
wet strength resins since any marked change 
in the degree of polymerization of the methylo 
lated urea ai this stage of the process results 
20 in final products having inferior wet strength 
.properties..In some instances it may hot be 
necesary to concentrate the solution oï methylo- 
lated urea to the specified content since such 
solution may contain the specifie d quantity of 
25 resin solids as prepared. 
After the resin solution has been concentrated 
to the desired solids content as described above, 
it is acidified, that is, it is rendered acïdic by 
the addition of an acid, ïor example, a mineral 
30 acid such as sulïuric acid, phosphoric acid and 
the like. The pli oï the solution aïter acidi- 
fication should be between about 4.5 and 5.5 
for best results. The solution is then heatet 
to bring about a reaction between the methylo- 
35 lated urea and the sodium salt oï para phenol 
sulfonic acid. This reaction is generally carried 
out at a temperature between about 80 and 95 ° 
C., care being taken to preven boiling. It is 
usually desirable to carry out the reaction using 
40 a reflux condenser to avoid loss of water and a 
stirrer to minimlze gel formation on the heat 
exchange surïaces. The resulting resin con- 
denses as the reaction proceeds and eventually 
reaches a high state of condensation as is evi- 
5 denced by a continued fise in the viscosity oï the 
solution. Iï the condensation oï the resin is 
carried too ïar a gel-like mass is attained. The 
rate oï condensation is largely dependent on the 
pli oï the solution and the temperature to which 
5O t.he solution is heated, the rate oï condensation 
mcreasing at higher temperatures and lower 
pli values. The resin solution is heated at the 
temperatures and pli values indicated above until 
the viscosity oï the solution at 60% resin solids 
55 content is between about 5 and 10 poises as 
measured by the Gardner-Holdt bubble Vis- 
cometer. At these viscosities the resin has max- 
imum vet strength properties and is highly con- 
densed. 
60 Further condensation oï the resin is substan- 
tially prevented or minimized by making the 
solution alkaline by the addition oï a water-solu- 
ble base aïter the solution has reached the 
sired viscosity. Any water-soluble base which 
65 does hot precipitate the resin may be used ïor 
this purpose including the alkali metal hydrox- 
ides or carbonates such as sodium hydroxide or 
carbonate, or a quaternary ammonium hydroxide 
70 such as trimethyl benzyl ammonium hydroxide. 
The amount oï base added should be surficient 
to tender the solution alkaline or alkaline 
acting, and preïerably should be suiïicient to 
provide a solution having a pli between about 
75 7.5 and .8.5. It is preïerred to make the resin 



solution alkHne, -as- descrïbed -,above,-before Che 
söluion:.is allowed to co01. 
The resin =solutions. obtainetl--according to Che 
foregoing procedure consist of.-a water ,solution 
ofa water-soluble, highly condensed,thermoset- 
ring resin an'd contain ïrom about .55 to :65% 
resin solids. Such-sólutions-are infinitely dilut- 
able and are quite-stable when stored at-room 
temperature, and particularly in-cold storage at a 
temperature,above Che freezing point  of Che solu- 
tion. The resin particles in-Che solution ,are 
highly .substantive:to negatively chargedcellu- 
losio substances sucbas paper pulp fibers in Che 
presence of acids such-as mineral-acids, or alumi- 
num ions, ïor example, Che aluminum ions derived 
from a-solution:oï alum ,(-aluminum sulïate) in 
water. This. property makes these particular 
resins particularly.suitable ïor,addition topaper 
pulp in Che beater in Che presence oï,acids and/or 
with alum since a-predominant-amount oïthe 
resinis picked up,by or deposited on-Che paper 
pulp fibers and' only minor-amounts of Che resin 
are lost in the-white water'after Che paper ïorm- 
ing operation. ,I-Iowever; theseïesins are notonly 
highly substantive, but"also bave Che property 
oï imparting high wet strength to paper products. 
Theseresin-solutions may: be dried,  iï desired, 
for example, by - spray  drying,, vacuum drying, 
drum drying-and'the-like or bysimple evaporation 
oï water. 'Bydrying such solutions, if is possible 
fo obtain solidproducts which are .readily soluble 
in water and"whichhave substantiuHy 'Che sïïe 
properties as Che- original- resin" in-solution. 
using mfld drying conditions,-that is,"relatively 
low temperatures, ït is possiblefo form sold 
produits which.-have Che säme and, in someiu- 
stances, higher.wet strength"properties Chan Che 
original resin as .prepared. Such drying is best 
carried ou by subjectingthe solution to a vacuum 
of af least 40 mfllimeters of mercury andtem- 
peratures below,the boflingp0int ofChesolution. 
The wet strength resins preparedin accordance 
with Che preferred process ashereinbéfore-de- 
scribèd are normallY .incorporated inpaper prod- 
ucts by.adding them fo an aqueous slurryofpaper 
pulp together with acids or alum torenderthe 
resin substantive to/the.paper: fiber. "Theresins 
.are generallyemployed in an amount sUlTicient 
fo, provide from:O:25 fo '5% ::by weight 'of resin 
solids based..on.lhe oven dry weight of Che pper 
pulp. Satisfactory results are 0btàined,inmost 
instances, by ,uging from 1 fo .3% by weight of 
Che resin. Ater Che paper pulp bas been-formed 
into a paper;product suchaspaper sheeting, Che 
resin is cured in situ in Che paperç Chat is, Che 
resin is rendered-insoluble and infusible-in Che 
paper product. This uring operation-may:be 
performed in vaious ways. Che par, ticularly con- 
renient mode of operation consists in forming a 
paper sheeting in the:.customary manner, drying 
Che sheeting on :heated rolls and thon winding 
Che paper .sheeting.,while if. is-stfll'warm,or hot 
into rolls. :By operating in-£his manner, Che 
finished rolls, after removal from, Che-paper- 
 making machine, .remain warm for.severaldays 
and sometimes-for-.a week in storage and Che 
resin becomes..infusible and ins01uOle under such 
conditions.. If desired, Che curing operation may 
be carried out. by heating Che =paper af elevated 
temperatures, for example, af "150°"F. to300°':F. 
until Che resin-becomesins01uble and inïusible. 
Af such temperatures Che resin is cured in Che 
paper Within a relatively short periodof Cime. 
A further, understanding Of this invention'will 
be obtained ïrom%he:followingspechïc examples 

wlich-are:intended to: ïurther.illustrate« ttiis:in- 
vention,: but.-are not-intended fo limit: Che scope 
thereof, parts and'percentages being,by-weight 
unless  otherwise specified. 
5 ç EXAiV£PLE - I 
One molecular proportion oï-urea and 
 molecular proportions -oï :ïozmaldehyde; in 
ïorm oï:a 37%:aqueous.solution,.were stirred :Co- 
l0 gerber :and::the pI-I-o. Che :mixture :was :adusted 
betwëen .5 .anoe.79:with .caustic,soda. The- mix- 
ture .was then.heated,::with stirring, :af 60 :to:65 ° 
C. for .period of 60minutes. -A:ïter this çeriod,of 
Cime .0:.2molecular.-proportion=oï= mixture of 
15 :or.tho and..para.phen01: sodium sulonate (which 
conäpised98% oï :.he para., :isomer) .ws..added 
fo Che solution. The solution was thon concen- 
trated until if contained 60% solids by. subjecting 
it fo -a vacuum oï ;5çto 15 :millimeters: of.mercury 
0 ,and concurçently heating .£he_ solution.to_a tem- 
perature oï:55 ° C. and: maintainingï Che. solution 
af such temperature. The ::solution was _thon 
cidhïed to a pli of5 (glasselectrode) by.:the 
addition 6ï sulïuric,acid,:aftervhich it:washeated 
25 to,.a -temp erature o- 95° C. -undez refiux,',with stir- 
ring, until Che viscosity, was;5.p0ises: as=measured 
.withthe Gardner«Holdt bubble.viscometer. ,The 
pli was then adjusted to.:a:pH:of .75to 18:0 :(tty- 
drion.pape) with caustic soda and Che resin solu- 
3O tion .was thon. rapïdly cooled=to::ròom: retapera- 
Cure .(about 25°-C.). 
he:above resin solution was:applied:to :paper 
pulp.in the beater according£o thefollowing,pro- 
cedure. :Bleached sulfite :pulp-was first.:refined 
35 to 350 c. c. TAPP-I (Technical:Association of-the 
Pulp. and"Paper Industries) standard: freeness af 
,2% consistency-in .a. laboratory'rfiner..Quanti- 
fies of this refined stocksulTicïent,to çrepare hand 
sheets were used. To the refined:stockwas:added 
4O a .quantity of. resin solution :af .60,% .solids:,sülTi- 
cient .to .provide  1:5% ,of :resin solids,based ,.on 
Che oven.dry pulp solids. Theresulting/mixture 
was stirred:for:15:minuCes and:£hen3%.of=alum 
(aluminum sulfate), based:ontheoven::dry,pulp, 
45 was added, and the.whole,stirred:for .andditional 
15 minutes..Thismixture .was::mde into hand 
sheets on.a Noble-Wood. Laboratory.sheet,ma- 
chine. These hand.sheets.,were: agedïn amoven 
at-105°,C, for 4 hoursto,:rapidly.cure:the:resin 
50 .and.develop:the wet strength. :The:sheets,were 
cut into. strips-15 millimeters in width :and:soaked 
in ,water for.,16 .hours. , The=wet sheets.were .then 
tested ïfor .,wet -tensfle- strength.,with a Schopper 
-ensile :tester. This testing procedure.is described 
55 'in greater detil in TAPPI Testing, MethodT456 
M-44. The wet.strength of the:sheets averaged 
4,88 pounds per incbas compared fo 1.75 pounds 
 per inch for a.control-hand,sheet prepared from 
Che same:pulp,but wïthoutresin treatment. 
60 EXA1VPLE Il 
:One :molecular,proportiOn of.urea  and:2.5:molec- 
Ular -propor.tions..of formaldehde, in :he :form 
of a 3 aqueous solution, were stirred.together 
and Che. pI-I was gdj usted between: 5 and. 8,0 .with 
6 caustic soda. The mixture was then heated :for 
i hour ai a temperature :0f,60. to:oE0 ° C.,.after 
which 0.065..molecular -proportion 6f :.Che  sodium 
sali .of .2-naphtho1-3,6 disulfonic  acid.- was. added. 
70 The resultings61ution was, sUbJected:toa vacuum 
of 30 fo 0 millimeters 0f.mercury. gnd:maintained 
ai' a temperature :between 40 :and':50 ° C. -unti 
contained .60% resin solids..The pI-I.of the solu- 
tlon was .then adjustedto 4.5. With:sulfuricacid, 
T after vhick;thesolution.was.heted ai90 t095 :C, 
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under a reflux condenser and with stirring until 
the viscosity ofthe solution had reached 6 poises 
as measured by the GardnerHoldt bubble vis- 
cometer. This reaction required approximately 
1 hour. The pli of the solution was then raised 
to a pli of 7.5 to 8.0 (as measured by Hydrion 
paper) by the addition of caustic soda and the 
solution was then cooled to about 25 ° C. 
The resin solution obtained in the mariner de- 
scribed immediately above had good stability 'in 
storage at room temperature and was infinitely 
dilutable with water ..... 
The above resin solution was applied to sulfite 
paper pulp in the beater using the saine pulp 
and the saine procedure described in Examp!e I 
with the exception that the resin solution was 
supplied in an amount sufficient to provide 2% 
resin solids based on the oven dry pulp solids. 
Hand sheets prepared from the treated pulp were 
dried for 4 hours at 105 ° C. to cure the resin and 
to develop the wet strength of the paper sheet. 
Strips of the hand sheet, the strips being 15 mi]li- 
meters wide, were immersed in water for 16 hours 
and tested for wet tensile strength with a 
Schopper tensile tester. The wet strength of the 
sheets averaged 5.0 pounds per inch as compared 
to 1.75 pounds per inch for a control hand sheet, 
that is a hand sheet which had hot been treated 
with resin. 
EXAMPLE III 
TWO separate solutions were rst prepared as 
described below: 
SoZutio 1 
One molecu!ar proportion (126 parts) of mela- 
mine and 3.5 molecular proportions (283 parts) 
of ïormaldehyde, in the form of a 37% aqueous 
solution, were slurried by stirring and the pli oï 

10 
to 25 ° C. and diluted to 40 % resin s0iids. The re- 
sulting solution was not infinitely dilutable with 
water, but was suitable for the treatment of tex- 
tile fabrics. 
5 Various modifications and changes may be ruade 
in the processes of this invention and in the 
starting materials used in the preparation of the 
resinous products of this invention as will be 
apparent to those skilled in the art from a con- 
10 sideration of the foregoing description. It is ac- 
cordingly intended that the scope of this inven- 
tion be limited only by the scope of the appended 
claires. : 
What is claimed is: 
15 1. A process of PreParing a nitrogen-containing 
thermosetting resin which issuitable for impart- 
ing wet strength when incorporated in paper 
products which comprises reacting 1 molecular 
proportion of urea with from 2 to 3 molecuiar 
20 proportions of formaldehyde in an alkaline aque- 
ous solution at a pli between about 7.2 and 8.5 
and at a temperature between about 50 and 70 ° C. 
to form a methylolated urea, adding to the 
sulting solution from 0.05 to 0.5 molecular pro- 
25 portion of a water-soluble salt of a nuclear sub- 
stituted hydroxy aromatic sulfonic acid contain- 
ing from 6 to 10 carbon atoms and having one 
hydroxy group and 1 to 2 sulfonic acid groups, in 
which acid the hydroxy and sulfonic acid groups 
30 are the sole substituents other than carbon and 
hych'ogen, concentrating the resulting soluçion to 
a solids content of 55 fo 65% by weight without 
materially changing the degree of polymerization 
of said methylo]ated ureä, adding an acid to the 
35 resu!ting solution until the pli thereof is betwéen 
about 4.5 and 5.5, heating the solution at a tem- 
perature above about 80 ° C. but below the boiling 
point of the solution until the viscosity .of the 
solution at 60% by weight resin solids is between 

the mixture was adjusted to 9.3. 
was then heated to a temperature between 90 and 
95 ° C. for about P. to 3 minutes, after which a 
clear solution was obtained. 
So.lutio 2 
Thirty-flve hundredths (0.35) molecular pro- 
portion (93.7 parts) of a mixture of ortho and 
para phenol sulfonic acids containing 98% of the 
para isomer, in the form of a 65% solution, was 
added fo 200 parts of water together with 0.35 
molecular proportion (30 parts) of sodium hy- 
droxide in the form of a 17 N aqueous solution. 
The pli of this solution was adjusted to 5 with 
sulfuric acid and then 0.5 molecular proportion 
(37.5 parts) of formaldehyde, in the form of a 
37% aqueous solution, was added, after which the 
solution was heated at 90-95 ° C. for 15 minutes 
and then cooled to 25 ° C. 
Solution 1 was added fo solution 2 and the pli 
of the resulting so]ution was adjusted to 8.0 with 
NaOH. The mixture was tlaen heated at a tem- 
perature of 90 to 95 ° C. for a period of 15 minutes. 
The pli was adjusted fo 9.5 with sodium hydrox- 
ide, after which the solution was subjected fo a 
vacuum of 30-35 milimeters oï mercury at a tem- 
perature of 35-55 ° C. untfl it contained 60% resin 
solids. 
This solution was infinitely dilutable with water 
and was suitable for treating textile fabrics fo 
provide a shrink-resistant finish. 
After the solution was allowed to stand over 
night (about 16 hours) it was heated at 90 fo 95 ° 
C. for 30 minutes, after which rime it had a .vis- 
cosity of 13 poises as measured by the Gardner- 
Holdt bubble viscometer, The solution was cooled 

T'ne solution 40, about 5 and i0 poises as measured by the Gardner- 
Holdt bubble viscometer, and then adding a water- 
soluble base fo the solution until the solution is 
sufficiently alkaline fo minimize further increases 
in viscosity of the solution. 
45 2. A process substantially according to claire 1, 
but further characterized in that the water- 
soluble salt of the hydroxy aromatic sulfonic acid 
is sodium para phenol sulfonate. 
3. A process substantially according fo claim 1, 
50 but further characterized in that-the water- 
soluble salt of the hydroxy aromatic sulfonic acid 
is the sodium salt of ortho phenol sulfonic acid. 
4. A process substantially according to claim 1, 
but further characterized in that the water- 
S5 soluble salt of the hydroxy aromatic sulfonic acid 
is a water-so]uble sodium salt of 2-naphthol 3,6 
disulfonic acid. :, 
5. A process of preparing nitrogen-containing 
thermosetting resins which comprises reacting 1 
60 molecular proportion of an amino compound se- 
lected from the group consisting of urea;::thio- 
urea, cyanamide, dicyandiamide, guanidine and 
aminotriazines having at least two primary 
amino groups and mixtures thereof with fom 0.5 
65 to 2 molecular proportions, based on each amino 
group of said amino compound, of an ldehyde in 
an aqueous solution having a pli between about  
and 10 to form a condensate of said amino com- 
pound and said a]dehFde, adding to the result- 
70 ing solution from about 0.05 fo 0.5 molecular pro- 
portion of a water-solub]e salt of nuclear sub- 
stituted hydroxy aromatic sulfonic acid contain- 
ing from 6 to 10 carbon atomS and having one 
hydroxyl group and 1 to 2 sulfonic acid groups, 
75 in which acid the hydroxyl and sulfonic acid 
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groups are- the sole. substituents, other, than: hy- 
drogen, adjusting, the pH of the resulting solu-- 
tion between zt and 0_ and' heating« the-solution 
until the condensate in the solution is 
soluble and is capable" of increasing_ the wet-ton- 
silo strength of-paper-formed from cellulose-fibers  
treated with said, condensate in- tha. presence: of 
a substance selected from the:. group consisting 
of aluminum sulfate and. mineral acids.- 
6. A process of preparing: nitrogn-containing 10 
thermosetting resins which, comprises, reacting. 
molecular proportion.of urea with.from, about 2 
fo 3 molecular proportions of an aldehyde:in,an. 
aqueous solution having a ptt between:about 7.0 
and 8.5 fo form a ureaaldehyde condensate, 
adding fo the resulting-solUtion-from 0.05--fo 05 
molecular proportion of a water-soluble salt of: 
nuclear substituted hydroxF, aromatic sulfonic 
acid containing from 6. fo 0 carbon atoms, and- 
having one hydroxyl., group, and 1 to 2 « sulfonic 20 
acid groups, in which, acid the hydroxyl, group 
and suLfonic acid-groups ar, e :the_ solesubstituents. 
other than hFdrogen; adjusting the.ptt ofthe re- 
sulting solution betwen about4 anale6; heating 
the solution, af a, temperature .below the boillng,. 
point of the' solution, until the:condensate-in, ttie 
solution is watersoluble..-and is capable-of: in- 
creasing the wet tensile strength:of«paper formed 
from cellulose fibers-treated:withsaidicondensate- 
in the presence 0la substance .selècted:from the. 0 
group consisting of a-luminum: sulfate: and min 
oral acids. 
/. A process of preparing nitrogen-containing 
thermosetting- resins, which comprise zecting 
molecular proportion of:.urea with from" about 
fo 3 molecular proportions:o£ fòrmaldehyde..in" 
and aqueous solution haviflg:a, ptt between.abont 
7.0 and 8.5 fo form a methylolated urea,.adtiing 
fo the resulting solution_from 0.05 fo 0:5.molecu÷- 
lar proportion of- a watersoluble, sali_ of" a 
lear substituted hydroxy aromatic:sulfonic acid. 
containing from 6;fo 0 carbon'.atoms and: haw 
ing one hydroxyl group:and: .,to2/sulfonic:acid: 
groups, in which acid thé hydroXy andsulfonic 
acid groups are the solé.substituents, other:than 
hydrogen, concentrating,:the resulting.solution_to. 
a solids content of 55. fo 65%- byweight without 
materially changing, the degree of polymeriza- 
tion of saidmethylolated, urea, adjusting.,the 
of the solution between about 4 and.. 6,. heating 
the solution below, the boiling point, of the- solu- 
tion until the, condensate in the solution-is 
water-soluble and the.-condensate is. capable of 
increasing the- wet tensile- strength of' paper 
formed from cellulose fibers treated witlï, said 55- 
condensate in the presence' of a substance se- 
lected from the group consisting of. alüminum, 
sulfate and minerai acids, and addig, a water- 
soluble base fo ,the solution until the Solution.is. 
suflïciently alkallne t0., minimize, further in-60 
creases in viscosity of.the solution. 
8. A pr0cess substantially according-fo claire- 
but- further Characterized; in that. the, water- 
soluble salt of-the hydroxy aromatic sulfonicacid- 
is the sodium- salt of: para..phenol sulfonic acid. 65 
9; A process:substantially according-to claire//; 
but further charaoterized: in. that the-water- 
soluble sali of. the hydroxy aromatic sulfonic 
acid is-the sodium salt of .naphthol 3,6 disul 
fonic acid. 0 
10. A.process substantially, according fo claim 
/» but furflier characterized in' that the water- 
soluble salt of thehydroxyaromaticsulfonic acid 
is the sodium salt of ortho phenol sulfonic cid. 
ll. A process ofprepaing nitrogen-containing 

thermosetting,resins, which comprises reacting 1- 
mo]ecular_ proportion- of. me]amine-with, from 
about  0:5 -to .»mo]ecula poportions of forma]de- 
hyde», based, on each amino group of: the 
melamine-, in an aqueous solution: having, a, ptt 
between abou 7.0.-and. 10.0, fo, form a- methylo- 
lated melamine,, adding, from about 0.05 fo 
molecular propmion of a water.oluble salt of 
a- nuclear substituted hydroxy, aromatic sulfonic 
acid,containing, from 6, fo. 10,-carbon .atoms and 
having one- hydroxyl group and 1. fo. 2-sulfonic 
acid groups, in which acid the: hydroxlï, gronp 
and sulfonic,acid groups,are.the-sole substituents 
other than hydrogen concentrating,the:resulting 
solution, fo a solids :content  of. about: 55 fo 65% 
by.. weight,_ without- materia:lly. changing- the de- 
gree of: polymerizati0n: of:: said methylolated 
melamine,, heating: thm resulting - solution while 
maintaining the ptt_of.the- solution,between:about 
7.0 and« 10.0 until,the condënsate.in_the solution 
is-water.-solubleand,is,capable:of increasing the 
wet tensile.strengtti-.ofçpaper formed ïtom cellu- 
lose- fibers, treated with-, said., condensat in the 
presence of. a  substance:selected from.the group 
consisting_« off aluminum sulfate, and mineral 
acids« 
12..A  process:, of preparing: pper products 
having: a« high wet strength: which comprises 
treating an aqueous slurry of paper pulp in. the 
presence of a substance selected from the group 
consisting of acids-and alum-with a water-sol- 
uble and highly condensed reaction product of 
urea, formaldehyde and a water_-solble salt of 
a nuclear substituted hydroxy aromati.c sulfonic 
acid containing from 6to 10 carbon atoms and 
having one hydroxyl group: and' 1. fo 2. sulfonic 
acid: groups, in which acid. the, hydrox,l group 
and' sulfonic cid, groups, are the- sole substit- 
uents other.than hydï"ogen, sid. reaction product 
being suppliëd in. an amount:suflïcient to pro- 
vide: fom 0«2 fo 5% by,; weight-.of: said reaction 
product based: on the oven.dry weigtit o£ the 
paper pulp in said slurry-;' fbrming, said slurry 
into a paper product and .thon converting said 
reaction product in situto-the insoluble and in- 
fusible state; said watersolubIe:and highlFcon- 
densed-reaction product having: been prepared 
boE first .reacting- 1. molecular:proporti0n of ur.ea- 
with from. 2 fo- 3- moleculaz propotions of 
formaldehyde in-an aqueous solution_ haihg 
pi-I. between about 7" and- 10;. t0. form. a_ methyl 
olated, urea; adding from .0.05. to 0:5 molecular 
proportion of a-. watersoluble salt, ofï said' hy 
droxy aromatiC sulfoniC, acid;, concentratingthe 
resulting.solution- to:asolitt:icontent- of 55 to 65 % 
by weigtit, without materially changing, the de- 
gree of lOl,merizati0n- of said-' methylolated 
urea, adjusting the ptt of.: the solution between 
about. 4 and_ 6  and' hating, the-' solution below 
trie. boiling: point] of. the sotuti0n until- the vis- 
cosit, of the solitien aç. 60.% bY weight resin 
solids, is.between about 5,and i0. poises as meas- 
ured- bF the-Gardner-I-I01dt bubble.viscometer. 
131 :.nitrogencontaining thermosetting resin 
comprising the.., condensation product prepared 
in. accerdànce with the process of. claire 5 
14. A nitrogen-containing thermosetting resin 
comprising the. condensation product prepared 
in accordance with the process, of.' claim 6 
15. A nitrogen-containing thermosetting resin 
comprising, the condensation product prepared 
in-aceordance with the process -. of-' claire 7.' 
16. A, nitrogen--containing, thermosetting resin 
comprising  the: condensaion product- prepared 
by:fi'st reacting 1  molecular.proportion of urea 
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with from about 2 fo 3 molecular proportions 
of formaldehyde in an aqueous solution having 
a pli between about 7.0 and 8.5 fo forma meth- 
ylolated urea, adding fo the resulting solution 
from 0.05 fo 0.3 molecular proportion of the 
sodium salt of para phenol sulfonic acid, con- 
centrating the resulting solution fo a solids con- 
tent of 55 fo 65% by weight without materially 
changing the degree of polymerization of said 
methylolated urea, adjusting the ptt of the so- 
lution .between about 4 and 6, heating the so- 
lution below the boiling point of the solution 
until the condensate in the solution is water- 
soluble and is capable of increasing the wet 
tensile strength of paper formed from cellulose 
fibers treated with said condensate in the pres- 
ence of a substance selected from the group con- 
sisting of aluminum sulfate and mineral acids, 
and adding a water-soluble base fo the solution 
of the condensate until the solution is sufficiently 
alkaline to minimize further increases in vis- 
cosity of the solution. 
17. A nitrogen-containing thermosetting resin 
comprising the condensation product prepared 
by first reacting 1 molecular proportion of urea 
with from about 2 to 3 molecular proportions 
of formaldehyde in an aqueous solution having 
a pI-I between about 7.0 and 8.5 fo forma meth- 
ylolated urea, adding fo the resulting solution 
from 0.05 fo 0.3 molecular proportion of the 
sodium salt of 2-naphthol 3,6 disulfonic acid, 
concentrating the resulting solution to a solids 
content of 55 fo 65% by weight without ma- 
terially changing the degree of polymerization 
of said methylolated urea, adjusting the ptt of 
the solution between about 4 and 6, heating the 
solution below the boiling point of the solution 
until the condensate in the solution is water- 
solu,ble and is capable of increasing the wet 
tensile strength of paper formed from cellulose 
fibers treated with said condensate in the pres- 
ence of a substance selected from the group con- 
sisting of aluminum sulfate and mineral s, cids, 
and adding a water-soluble base fo the solu- 
tion of the condensate untfl the solution is suf- 
ficiently alkaline fo minimize further increases 
in viscosity of the solution. 
18. A nitrogen-containing thermosetting resin 

14 
comprising the condensation product prepared 
by first reacting 1 molecular proportion of urea 
with from about 2 to 3 molecular proportions of 
formaldehyde in an aqueous solution having a 
5 pli between about 7.0 and 8.5 to forma meth- 
ylolated urea, adding fo the resulting solution 
from 0.05 to 0.3 molecular proportion of the 
sodium salt of ortho phenol sulfonic acïd, con- 
centrating the resulting solution to a solids con- 
10 tent of 55 to 65% by weight without materially 
changing the degree of polymerization of said 
methylolated urea, adjusting the pli of the so- 
lution between about 4 and 6, heating the so- 
lution below the boiling point of the solution 
15 until the condensate in the solution is water- 
soluble and is capable of increasing the wet 
tensile strength of paper formed from cellulose 
fibers treated with said condensate in the pres- 
ence of a substance selected from the group 
2o consisting of aluminum sulfate and mineral 
acids, and adding a water-soluble base to the 
solution of the condensate until the solution is 
sufficiently alkaline fo minimize further increases 
in viscosity of the solution. 
25 19. A nitrogen-containing thermosetting resin 
comprising the condensation product prepared 
according fo the process of claim 1. 
20. A nitrogen-containing thermosetting resin 
comprising the condensation product prepared 
30 according fo the process of claire 11. 
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